accelerated synovial joint formation at E14.5, although the joint structure appeared similar to controls at E18.5. By 2-weeks of age the mutant mice exhibit delays in the formation of the secondary center of ossification as assessed by histology and ISH, although the surface articular cartilage appears mostly normal. Micro-CT analyses at 2-, 4-, and 8-months of age demonstrated an early increase in mineralization in both the subchondral and trabecular bone regions that was followed by a progressive loss of bone. Additionally, mutant mice developed osteophytes and excessive mineralization of the menisci as compared to controls. Histology, histomorphometric, ISH, and IHC analyses of 2-, 4-, and 8-month old knee joint sections revealed that mutant mice show early and progressive signs of OA. Analyses of alcian blue stained sections from mutant mice displayed a progressive degeneration and fibrosis of the articular cartilage and menisci, subchondral bone sclerosis, osteophyte formation, and synovial expansion. By 8-months of age the articular cartilage of mutant mice exhibit severe cellular and molecular changes consistent with OA, such as fibrosis and fibrillation, near complete loss of Prg4 expression, decreased Col2a1 and enhanced Col10a1 and Mmp13 immunoreactivity, and enhanced cell death. Polarized light microscopy on all mutant and control adult knee sections further demonstrated a loss of normal collagen fibrils within the subchondral bone and articular cartilage extracellular matrix of mutant mice. Conclusions: Our in vivo data demonstrate for the first time that RBPjkdependent Notch signaling is critical in maintaining post-natal articular cartilage and joint maintenance, but is dispensable for the formation of synovial joints during embryonic development.
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NOTCH/RBPJ/HES1 SIGNAL IN CHONDROCYTES MODULATES TERMINAL STAGE OF ENDOCHONDRAL OSSIFICATION DURING SKELETAL GROWTH AND OSTEOARTHRITIS DEVELOPMENT
Y. Hosaka 1 , T. Saito 1 , S. Sugita 1 , A. Fukai 1 , T. Hikata 2 , H. Akiyama 3 , T. Nakamura 3 , K. Nakamura 1 , U-I. Chung 4 , H. Kawaguchi 1 . 1 Univ. of Tokyo, Graduate Sch. of Med., Tokyo, Japan; 2 Keio Univ., Tokyo, Japan; 3 Kyoto Univ., Kyoto, Japan; 4 Ctr. for Disease Biology and Integrative Med., Univ. of Tokyo, Tokyo, Japan Purpose: The Notch signaling pathway, a potent modulator of cell differentiation in many organs, is regulated by several molecules: the Notch receptors, the intracellular domains (ICD), the transcriptional effector Rbpj, and the target transcription factor Hes/Hey family members. Here we have examined the roles of these molecules in chondrocytes during the endochondral ossification process which is essential for skeletal growth and osteoarthritis (OA) development. Methods: In vitro expression patterns were examined by real-time RT-PCR and Western blotting in cultures of mouse chondrogenic ATDC5 cells with the differentiation medium (insulin, transferrin, and sodium selenite) and primary chondrocytes isolated from the ribs of mouse embryos. In vivo expression patterns were examined by immunohistochemistry of the limb cartilage of mouse embryos and knee OA joint cartilage of the mouse experimental model. The OA model was created surgically by inducing instability in the knee joints of 8-weekold mice, and OA severity was quantified by the OARSI histopathology grade. Tissue-specific knockout mice of Rbpj were generated by mating Sox9 or Col2a1 promoter-driven Cre-transgenic mice (Sox9-Cre or Col2a1-Cre) with mice homozygous for a floxed Rbpj allele (Rbpj fl/fl ), and the phenotype was compared with respective Rbpj fl/fl littermates. For functional analyses, we created stable lines of ATDC5 cells with retroviral overexpression of the genes. Transcriptional regulation was examined by luciferase assay using ATDC5 cells transfected with the reporter construct containing a promoter fragment of the marker genes. Results: In cultures of ATDC5 cells and primary chondrocytes, Notch1, 2, Rbpj, and Hes1 were strongly expressed in their terminal differentiation stages during Mmp13 and Vegf expression, while Notch3, 4 and other Hes/Hey members were little expressed throughout the differentiation stages. In the mouse limb cartilage and in the knee OA joint cartilage, ICDs of Notch1, 2 were localized in the nucleus of highly differentiated chondrocytes in the hypertrophic zone and in the degraded cartilage, respectively, while they remained in the cytoplasm of less differentiated chondrocytes of the proliferative zone and undegraded cartilage. Rbpj and Hes1 were also co-expressed in the nucleus of highly differentiated chondrocytes, while other Notch ICDs and Hes/Hey family members were not detected in either cartilage. The conditional knockout mice of Rbpj in chondroprogenitor cells (Sox9-Cre;Rbpj fl/fl ) died shortly after birth; however, the embryos exhibited dwarfism with impaired matrix degradation and vascular invasion into the cartilage primordia due to decreases of Mmp13 and Vegf expression. Contrarily, the conditional knockout mice of Rbpj in chondrocytes (Col2a1-Cre;Rbpj fl/fl ) exhibited diverse skeletal phenotypes depending on mouse lines with various levels of Rbpj inactivation. When we created the experimental OA model in a Col2a1-Cre;Rbpj fl/fl mouse line with partial Rbpj inactivation causing normal skeletal growth, the knee OA development was suppressed as compared to the Rbpj fl/fl littermates, with prevention of the terminal stage of endochondral ossification, similar to the Sox9-Cre;Rbpj fl/fl limb cartilage. To know the underlying mechanism, we established stable lines of ATDC5 cells with retroviral transfection of Notch1-ICD and Notch2-ICD, and found that both overexpressions stimulated Alizarin red S and ALP stainings, as well as Mmp13, Vegf, and Hes1 expression. These stimulations were inhibited by addition of a Notch inhibitor DAPT. Luciferase analyses revealed that the Hes1 transfection enhanced the Mmp13 and Vegf promoter activity most potently among the Hes/Hey members. Conclusions: The Notch/Rbpj/Hes1 signal in chondrocytes modulates the terminal stage of endochondral ossification during skeletal growth and OA development, indicating it to be a possible therapeutic target of OA.
ERG AND PTHRP GENETICALLY COOPERATE TO MAINTAIN ARTICULAR CARTILAGE LONG-TERM FUNCTION
T. Okabe 1 , Y. Ohta 2 , S. Asai 2 , S. Wakitani 3 , M. Enomoto-Iwamoto 2 , M. Pacifici 2 , M. Iwamoto 2 . 1 Natl. Hosp. Organization, Shinshu Ueda Med. Ctr., Ueda, Nagano, Japan; 2 Div. of Orthopedic Surgery, The Children's Hosp. of Philadelphia Res. Inst., Philadelphia, PA, USA; 3 Sch. of Hlth.and Sports Sci., Mukogawa Women's Univ., Nishinomiya, Hyogo, Japan Purpose: During embryogenesis, chondrocytes located at the epiphyseal ends of long bone anlagen acquire a permanent articular phenotype, while those located in the shaft become organized in growth plates, undergo maturation and hypertrophy and are replaced by bone. The mechanisms regulating such critical developmental bifurcation remain unclear. We previously showed that the ets transcription factor family member Erg is preferentially expressed in developing articular cartilage and that targeted over-expression of Erg in the embryonic cartilage suppresses chondrocyte maturation and ossification. In addition, majority of chondrocytes in an entire skeleton exhibited immature articularchondrocyte like phenotype. Developing joints are also known to express parathyroid hormonerelated protein (PTHrp) that actually shares the ability with Erg to suppress chondrocyte maturation. Recent large-scale transcriptome analysis revealed that two genes are often expressed in variety of tissue. In this study, we asked whether Erg is required for articular cartilage development and maintenance. We also asked if Erg and PTHrp functionally and/or genetically cooperate in articular chondrocytes. Methods: 1) Transgenic mice. Floxed Erg mice were generated by a conventional procedure. The mouse carries loxP-flanked exon5 that encodes part of the pointed domain and removal of this exon resulted knock down of all Erg isoforms due to the occurrence of a premature termination codon. The mice were crossed with GDF5-Cre mice to ablate the gene in the joint tissue. PTHrp +/LacZ mouse was kindly provided by Dr. Arthur Blroadus. 2) Surgery induced osteoarthritis (OA): Post-traumatic OA was induced by the removal of medial half of the meniscus and resection of medial collateral ligament in 2-M-old male mice. Knee joint tissues were collected 4-6 weeks after surgery and subjected to histological analyses.
3) The effects of gain or loss of Erg on PTHrp expression: We infected Erg or siRNA for Erg encoding adenoviruses in chondrocytes and analyzed the PTHrp expression by a quatitative PCR. We also transfected siRNAs against Erg into limb explant cultures and examined expressions of Erg and PTHrp by whole mount in situ hybridization. 4) Regulation of PTHrp expression by Erg was assessed by a reporter and Chip assays. Results: 1) Over-expression of Erg in cultured chondrocytes up-regulated PTHrp expression, while siRNA inhibition of Erg strongly suppressed PTHrp expression in explant mouse limbs. 2) Over-expression of Erg increased the activity of a PTHrp P2 promoter reporter, the main PTHrp promoter in cartilage and, interestingly, such
